ABSTRACT. Traditional companies used to be authoritarian and built around hierarchical organizational charts. Facing more dynamic environments in recent history
Introduction
Inspired by Simon's original decision-making process (intelligence -designchoice) (Simon 1965) , researchers and practitioners in the decision support community gradually extended and detailed the process to reach the general model depicted in Figure 1 (Power 2002) . Interestingly enough, most of the existing decision support systems (DSS) only support a small subset of these seven steps, namely the collection of information and the identification and evaluation of alternatives.
Figure 1. A general decision process model
For example, data-driven DSS such as data warehouses and OLAP tools are very good at collecting, slicing and dicing large collections of data to turn them into meaningful information (step 3). Knowledge-driven and model-driven DSS are especially good at performing what-if analysis, identifying and evaluating alternatives (step 4). Group DSS and other communication-driven DSS support group decision during these two stages, but they do not actually support the structured building and assembling of the group itself.
In this paper, we advocate a new model focusing on the second step of Figure 1 , i.e. the building of the decision group. Our purpose is to extend the existing process to add bidirectional links to and from the group building stage (Figure 2 ). We contend that it is unrealistic to assume that (a) once a decision group is built, its structure and contents will not change during the remainder of the decision process, and (b) the problem definition cannot change during the process (new information collected during the third phase of the process can put the initial problem definition under a different perspective and require a reformulation of it). Our new model relies less on the decision process as a sequence of steps than on the decision process as a flow of information in a collective entity emerging around a mission, in a given organizational context.
Figure 2. Adding bidirectional links to and from the group building stage
This paper is organized as follows. Section 2 reviews the main organizational structures used throughout the paper. It introduces social networks, enterprises, communities of practice, and task forces, with a strong focus on contextual knowledge. Section 3 presents the four-level model organizing all these organizational structures during a decision process. Section 4 presents an example scenario illustrating how this model would work in practice. Finally, Section 5 wraps up the paper and describes the future steps of the project.
Key Organizational Structures
This section reviews various structures usually found in the context of the enterprise. The review includes organizational structures such as social networks (SN), enterprises, communities of practice (CoP), and task forces (TF). It focuses more on the structuring, building, and assembling processes of the different entities rather than on the resulting entities themselves. The purpose of this review is not to present an exhaustive list of all the existing organizational structures, but rather to highlight and compare representative examples in different categories.
As the multi-level model that will be introduced in Section 3 emphasizes the role of contextual knowledge during a decision making process, organizational structures are also described in this section with the notion of context in perspective. The context of an organizational structure is always relative to something: e.g., a concern, a cause, or a reason. As will be shown in the next subsections, each structure has a different kind of concern, which helps differentiate the structure from other structures.
Brézillon and Pomerol (1999) consider three parts for knowledge, namely the external knowledge, the contextual knowledge, and the proceduralized context. At a given step of a decision process, one distinguishes the part of the context that is relevant at this step of the process and the part that is not relevant. The latter part is called external knowledge (EK). The former part is called contextual knowledge (CK), and obviously depends on the agent and the process at hand. Always at a given step of a process, a part of the contextual knowledge is proceduralized to be used at this step of the process. We call this the proceduralized context (PC). The proceduralized context is the part of the contextual knowledge that is invoked, assembled, structured and situated according to the focus of the current step. Thus, a given focus and its associated context are interdependent. Figure 3 illustrates our view on context.
The context is dynamic (Brezillon 2003a; Brezillon 2003b) , and the dynamic dimension corresponds to a movement between contextual knowledge and proceduralized context during the evolution of the process: from one step to the next one, a piece of contextual knowledge enters the proceduralized context or, conversely, a piece of proceduralized context goes back in the contextual knowledge and becomes a "chunk of contextual knowledge" a la Schank (1982) that can be recalled later as a whole in a new proceduralized context. Thus, the more experienced an operator is, the larger his available structured knowledge is (i.e., chunks of contextual knowledge).
If organizational structures are layered the contextual knowledge at one level is transformed into proceduralized context at the upper level. Once the concern of an upper level structure is not relevant anymore and the corresponding structure dissolves, part of the proceduralized knowledge is fed back into the contextual knowledge of the lower-level structure (the dotted line in Figure 3 ). 
Social Networks
Many authors agree on the fact that a social network is comprised of individuals and ties (e.g. Wellman and Carrington 1988; Hanneman 2001) . Individuals mostly socialize around their own individual goals, not around a shared, federating goal. The main characteristics of a social network are its flexible structure, a lack of hierarchy, and weak importance of the emotional dimension (Foucault et al. 2002) . A good metaphor is the rhizome metaphor, which is a conceptual framework for the generative possibilities of non-hierarchical networks of all kinds on the Internet (Deleuze and Guattari 1983) .
For the purpose of this paper, we hold that only a discriminating factor allows for the differentiation of individuals inside the social network and individuals in the environment of the social network. There exists different discriminating factors and as many social networks as discriminating factors. Ties between individuals only have a limited importance, because the discriminating factor is not a collectively shared goal. Following Granovetter's classification of ties (Granovetter 1973) , a discriminating factor can describe ties without substantial significance (for example, the discriminating factor "Living in France", which does not imply a concerted goal for all the persons living in France; Granovetter also calls such ties "nodding" relationships), weak ties (for example, "Working for IBM" which, in the context of the social network, does not imply a concerted goal across all the employees working for the enterprise, but rather a series of independent and individual goals based on each employee's own aspirations), and strong ties (for example, "Living in the same household").
All these ties between individuals are important for people to obtain the fundamentals of identity, affection, emotional and material support (Rheingold 2000) , i.e. the recognition of their existence by others. Ties can have a descriptive function in the social network, helping insiders and outsiders having a better understanding of the network. Ties usually change slowly over time, mostly for exogenous reasons weakly related to the discriminating factor. Functional ties should not be mistaken for roles. The commitment of individuals is superficial, limited to the reasons of the local interaction (Foucault et al. 2002) . As a consequence, ties are "socially-oriented" in many real life situations. Trust does not play an important part, and individuals generally belong to several social networks where they do not play crucial roles.
Enterprises
According to the US Census Bureau 2 , an enterprise, or company, "is comprised of all the establishments that operate under the ownership or control of a single organization. An enterprise may be a business, service, or membership organization; consist of one or several establishments; and operate at one or several locations. It includes all subsidiary organizations, all establishments that are majority-owned by the enterprise or any subsidiary, and all the establishments that can be directed or managed by the enterprise or any subsidiary." An enterprise is often described in a more informal way as a collection of organizations and people formed to create and deliver products and services to customers in a competitive marketplace. In the computer industry, it is usually defined as an organization that uses computers. In practice, the term is applied much more often to larger organizations than smaller ones. The term used in this sense encompasses corporations, small businesses, non-profit institutions, government bodies, and other kinds of organizations.
Successful enterprises are organized around shared visions. "IBM had 'service'; Polaroid had instant photography; Ford had public transportation for the masses and Apple had computing power for the masses" (Senge 1990 ). According to Senge, "[a] shared vision is not an idea. It is, rather, a force in people's hearts, a force of impressive power." This shared vision gives the enterprise an identity. Individuals in the enterprise can follow independent, modular goals in their day-to-day activities, but they should all be aligned towards the same vision within the enterprise.
We call actors the employees of an enterprise. For our purpose, an actor is formally defined as an individual with a role in the enterprise. We prefer the term role to the term function, because role conveys a better sense of the socially expected behavior pattern usually determined by the individual's status in the enterprise. It naturally follows that an enterprise can be seen as a hierarchy of roles, each of which is provided with a set of one or several tasks to fulfill.
Communities of Practice
Communities of practice (CoP) are semi-structured groups of people who share a concern, a set of problems, or a passion about a topic, and who deepen their knowledge and expertise in this area by interacting on an ongoing basis (Wenger et al. 2002) . Examples of CoP include engineers who design a certain kind of electronic circuit and find it useful to compare designs regularly and discuss the intricacies of their specialty; academic researchers attending conferences to share the results of their research on a common topic; soccer moms and dads who take advantage of game times to share tips and insights about parenting; artists gathering in cafés and studios to debate the merits of a new style or technique; or players competing in a soccer league.
A CoP has a federated goal. It is described by a domain of knowledge actively and consciously endorsed by their members. We refer to this domain of knowledge as a focus of interest. This focus gives the CoP an identity, and the commitment to care for this domain gives it a cohesiveness and intentionality that goes beyond the interpersonal nature of informal networks.
We call actors the individuals of a CoP. Like enterprise actors, a community actor is formally defined as an individual with a role in the community. At the highest level, roles can belong to two categories: producers and consumers. On the one hand, a producer role sustains the CoP with new knowledge and expertise about the topic of the community. On the other hand, a consumer role assimilates the contributions of one or several producers. Actors change from a producer role to a consumer role very dynamically over the lifetime of the CoP. Consumers try to build on the knowledge contributed by a producer to turn themselves into producers and sustain the CoP, and vice-versa.
Each actor can be defined by a production/consumption balance evolving over time. New actors in the CoP usually consume more than they produce, and old gurus produce more than they consume. This balance tends to organize roles in the CoP in a focus-oriented hierarchical way, thus imposing a kind of implicit structure on the community. For example, even if there is no explicit hierarchy between academic researchers attending a conference, older and better recognized academicians usually have more authoritative roles than younger researchers. In other words, roles tend to be attributed on the base of the slowly evolving production/consumption balance of the actors, rather than on-the-fly.
In pursuit of the convergent goals inherent to the focus of interest, actors in a CoP employ common practices, work with the same tools and express themselves in a common language. Through such common activity, they come to hold similar beliefs and value systems (Lave and Wenger 1991) .
Task Forces
Wikipedia 3 defines a task force (TF) as "a temporary organization formed to work on a single defined task or activity". Merriam-Webster 4 defines it as "a temporary grouping under one leader for the purpose of accomplishing a definite objective."
For our purpose, a task force emerges around an external, unpredictable event. Task forces are built on the fly and assembled around short-lived and highly contextual focuses of interest that we call missions. It is important to understand that the mission is more central to drive the task force than the leader role that can be formally endorsed by a member. The entire task force is oriented towards its expected results.
With regard to time-critical missions, task forces can be assembled and dissolved very quickly. The mission is shared by all the actors and is responsible for the coordination of their actions. It acts such as an internal engine to impulse the task force. Because the task force is conditioned by expected results, actors have a strong motivation in the realization of the mission. Individuals in a task force are also called actors, because they assume an active role in the structure. However, a task force is not organized in a hierarchical way. Instead, its structure is completely conditioned by its goals and expected results. When the underlying organization faces a crisis, ad hoc cells are formed to deal with the problem, each one with its own tasks to fulfill and roles to endorse. These roles are attributed to actors on the fly, according to the needs of the current context. In particular, as the context can change during the lifetime of a task force, roles (and the corresponding tasks) can be redistributed several times among the actors.
Comparison
This section compares the various organizational structures presented in the previous sections by using different criteria. Based on this comparison, the next section proposes a four-level classification model explaining how a structure at a given level emerges from one or several lower-level structures.
The main difference between a social network and an enterprise is that the enterprise is "about" something. Whereas a social network is defined by a loose discriminating factor that does not even imply a shared goal, an enterprise is clearly organized around its vision. It follows that the level of organization is higher in an enterprise than in a social network. Nevertheless, information management in any kind of organization presupposes the sharing of a common background context. This shared context contains general information in a social network (allowing individuals to behave in a socially acceptable way) and domain-specific information in an enterprise (allowing the actors to enrich their own individual contexts from the shared context).
Enterprises and communities of practice mostly differ in the scope of their goals. Whereas the enterprise follows a vision that is often easier to "feel inside" than to describe, and that can take many years to attain (Senge (1990) notes that "the Japanese believe building a great organization is like growing a tree; it takes twentyfive to fifty years"), CoP members explicitly share domain interest and aim at keeping their domain expertise. This is why a CoP often develops a shared language, which an enterprise as a whole usually does not.
The main difference between a CoP and a task force is that the latter is put together by an external, unpredictable event, rather than by a shared concern. The expressions mission and focus of interest are used to differentiate task forces from CoP. Whereas the focus of interest of a CoP refers to the domain of knowledge shared by all, giving the CoP an identity, a cohesiveness and an intentionality going beyond the interpersonal nature of informal social networks, the mission of a task force refers to an external, unpredictable, and short-lived event acting as a glue force on the heterogeneous population of actors.
Focuses of interest and missions do not act at the same level on their respective structures. On the one hand, the mission mobilizes all the actors directly impacted by the unexpected event in their activities. The mission is the organizing factor of the task force. On the other hand, the focus of interest acts at a meta level on the CoP. It does neither organize the CoP itself, nor impact the individuals in a direct way. It simply defines a shared concern. It is up to the actors to exchange information in order to keep the CoP alive. An immediate consequence is that actors in a task force have to satisfy a collective need at the organization level and are endowed with decision power, whereas the actors of a CoP share a same concern to satisfy individual needs (mostly in the form of exchanges of experience).
Another difference between the focus of interest of a CoP and the mission of a task force is that the focus of interest will most likely cross an organization horizontally, whereas the mission will cross it vertically or diagonally.
Because the mission in a task force acts more as a glue force on actors than the focus of interest in a CoP or the discriminating factor in a social network, ties in a task force are stronger than ties in a CoP or a social network. This mission imposes a structure on the task force because all actors are strongly connected together through a dynamic organization of roles and tasks (Brezillon and Marquois 2004) . Thus, the level of organization of a task force is higher than the level of a CoP, which in turn is higher than the level of a social network. Finally, CoP and task forces have a shared language to speed up interaction and collaboration, which social networks don't. Figure 4 presents an integrative view of the social networks, enterprises, communities of practice, task forces, and other related organizational structures. Communities (such as CoP and virtual communities) are generated from social networks or from within enterprises, when a focus of interest appears. They represent semi-permanent structures grouping actors with convergent, long-lasting goals.
A Four-Level Model of Organizations

Figure 4. The four levels of the organizational model
Short-lived, unpredictable events trigger missions that bring together actors of various communities, enterprises, and social networks in a task force whose lifetime is relative to the time necessary to solve the problem. Once the problem is solved, the mission dies out and the members of the task force slip back into their respective structures, enriching them with chunks of knowledge acquired during the problemsolving process. Figure 4 also outlines the boundaries of our four-level model. The purpose of this model is to show that a decision group can be seen as a task force built and assembled on top of communities (groupings of decision-makers or available actors able to fulfill required tasks), organizations (for example, in the case of an audit), and/or external individuals (for example, when external experts are called to help solving a very specific problem). The next sections review the four proposed levels of the model: human level, organization level, community level, and adhocracy level.
Human Level
The human level is represented at the bottom of Figure 4 . This level plays a double function in our model: it supports and encompasses the other levels at the same time. As shown in Figure 4 , it supports the other levels because individuals are the elementary constituents of the entire model. In other words, the three upper levels are made up of individuals inevitably coming from social networks belonging to this human level. This level supports the dynamic building of upper level structures that help information flow more rapidly and easily among individuals. In a metaphorical way, one can see the shared vision, the focus of attention, or the mission of the resulting structure acting like a magnet on iron filings, attracting only the individuals deemed appropriate for the purpose of the structure.
However, the human level also encompasses the other levels, precisely because actors in an organization, a community, or an adhocracy still belong to the grassroots human level. This second function is a direct recognition of the concept of "embeddedness" (Granovetter 1985) , that is to say "the argument that the behavior and institutions to be analyzed are so constrained by ongoing social relations that to construe them as independent is a grievous misunderstanding" (p. 482). In other words, an individual seldom belongs to only one level of the model; at any time, he belongs to several levels, but in varying degrees. Moreover, the time spent in an upper-level organizational structures influences the number of ties in the social networks of this human level, as well as the strength of existing ties.
The human level is also the repository of social influences that individuals are subject to, in the form of "customs, habits, or norms that are followed mechanically and automatically, irrespective of their bearing on rational choice" (Granovetter 1985) .
Organization Level
As this model focuses on the enterprise, it encompasses a technical and economic perspective, as well as a social perspective. In the first case, an organization is described as "a network of production systems each trying to adapt its output to the demand for that output" (van Aken 1982) . In the second case, an organization is described as a network of social groups, each trying to reach its own goal as well as possible, protecting its interests against outside interferences.
The meaning of the organization adopted in this paper remains closely related to social perspectives. For our purpose, we consider an organization as "a combination of human effort in a relatively stable network of social relations" (van Aken 1982 ). An organization is structured around a concern related to the organization itself (i.e. the enterprise).
The organization level is closely related to bureaucracy concepts. In sociological theories, bureaucracy is an organizational structure characterized by regularized procedure, division of responsibility, hierarchy, and impersonal relationships. According to Weber et al. (1947) , the attributes of modern bureaucracy include impersonality and the implementation of a system of authority that is practically indestructible. Toffler (1970) sees it as a network of roles fulfilled by individuals (in opposition to a network of individuals, such as a social network). Bureaucratic organizations usually deal with routine operations. Information flows bottom-up along a hierarchical path, before coming down again along a different hierarchy.
Instances of the organization level include the enterprise, introduced in Section 2.2, but also other forms of organizations, such as nongovernmental organizations (NGO) -whose vision is often to manage resources and to implement projects with the goal of addressing social problems -or even political structures, such as congresses, whose vision is to ensure the well-being of the nation by making the laws governing the nation.
Community Level
Etymologically, the word community comes from the Latin munus, which means the gift, and cum, which means together, among each other. Therefore, community literally means "to give among each other". Nowadays, the word has merely two opposing meanings. On the one hand, a community can be defined in a bottom-up way as a unified body of individuals emerging from an existing social network. On the other hand, a community can be defined in a top-down way as a society at large, a local group of people that live in the same geographical area. Physical proximity leads the individuals to engage in social relationships. In that sense, the social network emerges from the existing community. The following discussion on communities only deals with the first, bottom-up meaning of the term.
As shown in the middle section of Figure 4 , communities are rooted in the organization and human levels. A community structure emerges when a focus on a specific domain arises among the individuals of an existing social network and/or organization. This shared concern gives the community a collective context and individuals organize as actors with roles.
Instances of the community level include communities of practice (introduced in Section 2.3), virtual communities, communities of interest, and other forms of communities. It should be mentioned that all the instances at a given level do not necessarily have the exact same position on the bureaucracy-adhocracy continuum. For example, virtual communities -which are typically depicted as groups of individuals having regular contact with one another in cyberspace, with shared interests, problems or ideas, independent of space and time -have a community structure tending towards the organization level, whereas communities of practice tend more towards the adhocracy level.
Adhocracy Level
The term adhocracy was first coined by Warren Bennis (Bennis and Slater 1968) and subsequently used by Toffler (1970) and Mintzberg to describe a structural configuration that "is able to fuse experts drawn from different disciplines into smoothly functioning ad hoc project teams" (Mintzberg 1979 ).
An adhocracy represents any form of organization capturing opportunities, solving problems, and getting results (Waterman 1992) . Beairsto (1997) defines it as "the term used to describe the flexible structure of multidisciplinary teams which is best suited for complex tasks in a dynamic and unpredictable environment." It can be characterized by shared values across various splinter groups, cultures, and individuals. It relaxes hierarchical ties and promotes lateral relations (Orlikowski 1991 ). An adhocracy is not organized around formal rules or regulations, and it does not provide standardized procedures for dealing with routine problems. It is instead a response to environmental pressure (Mintzberg and Quinn 1996) , meant to cope with exceptional situations and adapt quickly to changes within its environment.
In the context of the enterprise, an adhocracy allows teams to make decisions without approval from higher-level members of the organizational chart. Adhocracies are traditionally at work in high risk organizations or in emerging industries. The lifetime of an adhocracy is usually limited. Mintzberg and Quinn (1996) distinguish between two forms of adhocracies: (a) the operating adhocracy, which works on behalf of its clients, and (b) the administrative adhocracy, which serves itself. The term adhocracy is often used by opposition with the term bureaucracy. Both structures can cohabit in a same organization. For example, hospitals and universities, which are professional bureaucracies in their routine clinical and teaching work, adopt an adhocratic form in their research functions.
The adhocratic model is not devoid of weaknesses altogether. An adhocracy can be plagued by conflict of opinions and a lack of vision for the future. Conflicts are disturbances that can divert the adhocracy from its initial goal. Moreover, according to Kling and Zmuidzinas (1994) , "transformations to adhocratic organizations potentially require substantial reshaping of workplace ideologies -the loosening of hierarchies and promotion of lateral relations are dramatic departures from existing ideologies in many workplaces."
As shown in the upper part of Figure 4 , an adhocracy structure emerges from one or several community, organization, or human structures when a mission arises in the context of the enterprise. This mission gives the adhocracy a shared context and all the actors become organized toward a unique goal: accomplish this mission. Adhocracies are groups making decisions for the benefit of the enterprise.
Instances of the adhocracy level include task forces (introduced in Section 2.4), working groups -defined as "groups of people working together temporarily until some goal is achieved" 5 -, and virtual teams, which allow managers to assemble groups of employees to meet transient, unanticipated needs (Hammer and Champy 2001) .
Discussion and Interpretation
Table 1 summarizes the differences between the human, organization, community, and adhocracy levels according to several criteria.
Structures at each level are associated with a shared context. Two levels must be distinguished in any shared context, namely the external context and the internal context. In general, the external context contains relevant information about the environment of the organizational structure. The internal context is intertwined with the generating factor of the corresponding level (discriminating factor, vision, focus, or mission).
At the human level, individuals retrieve information explaining how to behave in the social network. However, this shared context contains very general pieces of contextual knowledge that individuals cannot transform directly in a proceduralized context for their individual contexts. For example, a piece of contextual knowledge in a society could be "any individual must pay taxes", but the relationships for the individuals between the taxes they pay and the actual administration of funds (e.g., lightning of the streets and police enforcement for the security) is not immediately perceived. Moreover, all individuals are not equal with respect to the amount they are taxed.
At the organization level, the internal shared context grows continually during the life time of the organization, building what is called the "organization memory". Its contents are very varied and include all the knowledge related to the organization.
At the community level, the internal shared context allows a strong interaction that facilitates information retrieval by any actor of the community and speeds up the briefing of new members. Contextual knowledge in a community represents specialized knowledge. As a consequence, actors in a community frequently use a highly technical language, knowing that other actors will understand it immediately. This specialized language (or shared context) allows the maximization of the communication bandwidth between actors of the community. Moreover, its understanding can be seen as a kind of barrier to entry for new members. Finally, at the adhocracy level, the internal context is created and developed on the fly during the setting-up of the adhocracy. The social pressure within the enterprise on the adhocracy makes this internal context rich (large access of the adhocracy to the resources of the enterprise, for example) and gives a strong cohesiveness to the group. The back-and-forth move from bureaucracy to adhocracy along the levels of the proposed model is consistent with the localness principle introduced by Senge (1990) : "Localness means moving decisions down the organizational hierarchy; designing business units where, to the greatest degree possible, local decision makers confront the full range of issues and dilemmas intrinsic in growing and sustaining any business enterprise."
Example Scenario
The purpose of the following example scenario is to show how, according to the bidirectional links of Figure 2 , decision group structures emerge, evolve, span, and dissolve during a decision making process. The evolution of these structures is consistent with the four-level model described in Section 3.
Presentation
The case study is based on a fictitious firm called Robots Manufacturers, Inc. and organized according to the simplified company chart illustrated in Figure 5 . Robots Manufacturers, Inc. produces ten different types of robots (named Robot1 to Robot10). Three production steps must be carried out 6 :
1. Production of the components, according to various sequences of processes. Examples of processes include punching, casting, grinding, drilling, hardening, polishing, and quality control. Each process has a capacity and depends on or influences other processes. Process activities cause variable and fixed costs. Each produced component requires input components. Input components can be bought in limited quantity for a well-known price. Work capacity is limited, but can be relaxed by introducing overtime. However, overtime has a progressive cost.
2. Mounting, which takes several hours for each type of robot, with a limited work capacity per week.
3. Calibrating and testing, which takes several hours for each type of robot, with a limited work capacity per week.
Each type of robot has a different selling price and is ordered in various quantities. Individual components can be produced in-house (by the components manufacturing team of Figure 5 ) or bought (by the purchases team). Each purchasable component has a price and availability (not available, available in a limited quantity, or available in unlimited quantity). Overproduced robots may be put in storage and sold later for at least 90% of their original price. Storage costs are linearly dependent on the quantity stored as well as on capital binding costs. Stored robots are managed by the warehouses unit of the production department. The firm pursues two main strategies: maximizing its selling profit and minimizing its variable costs. Production planning is established on a monthly basis (based on the order book managed by the sales department). 
Normal State
It is the start of a new month. Bob, a specialized worker belonging to the components manufacturing team, starts his afternoon shift on a casting machine tool. The shop foreman just briefed Bob and his colleagues on the monthly planning. The order book is full and, due to high market prices for the purchasable components, the top management decided to produce as many components as possible in house. The coming weeks promise to be busy.
Bob has been working with the casting machine for about one hour when he detects worrying vibrations during the casting process. He immediately monitors the temperature dial and sees that the machine tool is dangerously overheating. Bob knows the machine very well and reacts quickly and appropriately to avoid irreversible damage. He launches the emergency shutdown process.
Alert State
Bob alerts the shop foreman at once. After a first diagnosis, both men are afraid that the machine tool suffered a major breakdown and will be out of order for a period depending on the time needed by the maintenance company to fix it.
The shop foreman alerts the production manager, who in turn informs the director and immediately contacts the company with which Robots Manufacturing, Inc. has a maintenance contract. An expert is on site about one hour later. He checks the machine tool and confirms the severity of the breakdown. Spare parts have to be ordered abroad. The repair will need at least one day, and the machine tool will need a complete check up and recalibration before being used in the production line again. The expert forecasts that the entire process will take about five working days.
Design State
Hearing the bad news, the director meets with his production and sales manager to see how to adapt the monthly planning. Planning decisions are supported by a computer-based optimization system. The production manager enters the data of the failure event (the machine breakdown actually reduces the capacity of two processes in the production line) in the optimization system. The system then proposes a modified plan trying to match the order book and to maximize the selling profit under the new constraints. The new plan proposes to shift the tasks of the broken machine to other available machines, and to reduce the production of certain robots to a level just sufficient to cover the current orders. This also implies a reduction in the amount of components bought.
The director spends some time analyzing which units in his company are affected by the new plan. He wants to be sure that the proposed plan can be actually implemented. The shop foreman is alerted and, after reviewing the plan, complains that the production line doesn't currently have the capacity to carry out the proposed plan (some machines are subject to routine maintenance tasks and cannot be used to replace the broken one). The purchases unit is also consulted and indicates that the company just passed a fixed order of certain components with a supplier and cannot reduce this amount afterwards. The inventory manager agrees with the new plan. All this feedback is verbally collected and input in the planning system in the form of constraints. A new alternative plan is generated and reviewed by the appropriate actors. The entire process is repeated until the plan is finally accepted by everyone.
Implementation State
Finally, the planning unit works in close cooperation with the shop foreman to prepare a reorganization plan for the production line. The shop foreman knows the skills and affinities of his workers very well. He is able to say who works well with whom and, ultimately, who should be affected to which machine to carry out the plan. For example, he knows that Bob needs to be assigned to a different machine tool. The shop foreman regards Bob as a versatile and experienced worker that can work in the manufacturing and the mounting teams. He could work in the mounting team with John, but the shop foreman knows that Bob and John rarely worked together in the past. Moreover, he does not have the feeling that the two get along together very well. Therefore, he assigns Bob to the drilling machine tool in the manufacturing team.
Organizational Structures and Decision Process
The above example scenario, even though simplified, remains in essence typical of organizational decision processes. A problem is detected, people that will be involved in the decision gather, information is collected, alternatives are identified and evaluated, and a decision is made, implemented, and assessed to be sure that it does not lead to new problems. In this section, we revisit the informal presentation of the scenario using the four-level model introduced in Section 3.
Whereas most definitions of a decision process start with the detection of a problem, we advocate a broader definition of the decision context, encompassing elements that exist and evolve even when the situation does not present exceptional events. We use the social networks paradigm (at the human level in Figure 4) to support this claim. In the context of Robots Manufacturing, Inc., there exists different social networks in association with possible discriminating factors. Examples of discriminating factors include "Working for Robots Manufacturers" (the company), "Supplying Robots Manufacturers" (the company and its suppliers), "Buying robots from Robots Manufacturers" (the company and its customers), "Producing industrial robots" (the company and its competitors), etc.
When operations are normal, the enterprise adopts a bureaucratic attitude: information circulates among individuals along the hierarchical network of the organization, each individual using or not the information for its personal goal without correlation with the goals of other individuals (the "normal state" in Section 4.2). This describes well the normal flow of information in the company: customers order robots from the company, the purchases team orders components from the suppliers, the shop foreman briefs the workers on the planning, etc. All this information flows within the organization without problems being detected.
Whereas the global organizational chart of Figure 5 determines the structure of the enterprise, its breaking up in departments and units gives a good idea of the communities that emerge within the company and its environment (for example, the executive committee of the company, horizontally including the senior executives of all the departments, or the manufacturing CoP, including specialized workers on the production line and representatives of the machine tool manufacturer). In that case, the organizational chart is not prescriptive, but rather descriptive. Actors are naturally allowed to form communities spanning several units and/or departments.
When the unpredicted machine breakdown occurs, however, a mission ("problem to fix") appears in the context of the company ("normal state"). Both the mission and its context have to be considered jointly. Both mobilize a group of individuals in social networks and/or communities that have a same concern for the mission and are sensitive to its context. Together with the mission and its context appears an organization of tasks to accomplish and of roles that individuals of the group must play. Individuals with roles become actors and the actors group becomes assembled, organized and structured as a task force. At that stage, the functional ties between the actors of the enterprise (i.e. the organizational chart) tend to fade in the background during the assembling of the task force and are overlaid with the relationships between roles. In other words, roles are attributed to individuals according to the needs of the (mission, context) pair more than according to the function of the individuals in the underlying organization. This implies that the organization of actors in a task force does not correspond necessarily to the hierarchical organization of the firm. Roles in the task force are described in the next section.
Individuals and Roles
We define four possible roles for an organizational structure in a decision support context: sensors, processors, decision makers, and satisfiers. Figure 6 describes the possible relationships between these four roles. Plain arrows indicate a transfer of information between two roles, without a change of organizational context. Dotted arrows indicate a transfer of information with a change of organizational context. Each context change is triggered by a complete round-trip in Figure 2 (information collected is sent back to the decision group, which in turn may have to redefine the problem and adapt the structure of the decision group). A fundamental aspect is that, as the context evolves over time, the task force also reshapes, dynamically including or excluding actors, and redistributing the roles of existing actors. For example, an actor can be a sensor at the beginning of the process (he detects the machine failure) and a satisfier at the end (he is assigned to maintenance tasks on this machine). In other words, roles are assigned to actors on-the-fly, according to the current (mission, context) pair.
The main task of a sensor consists in detecting a change of context. This is why the sensor is the target of all the dotted arrows in Figure 6 . Changes can be triggered by external events (for example, the machine breakdown) or by the actions of other roles (for example, the diagnosis of the maintenance expert, the decision of the director, or the machine repair by a worker). In any case, new sets of information are collected and lead to a change in the problem definition and, possibly, in the decision group structure. This approach is consistent with the system theory, provided the organization is considered as a system and the organizational context as a state in the system (van Aken 1982) . From a contextual point of view, a second task of a sensor consists in distinguishing the contextual knowledge from the external knowledge (check back to Section 2), with regard to the current focus. The sensor then propagates the context change along an information path (for example, the corporate hierarchy) until it reaches a processor. The self-pointing arrow indicates that several sensors can be found on the path until a processor is reached.
Figure 6. Roles and relationships
A processor is able to proceduralize the contextual knowledge according to the new mission ("problem to fix") and to turn the event into some meaningful knowledge. The proceduralization of knowledge can be chained between several processors (hence the self-reference in Figure 6 ). The proceduralized knowledge can ultimately lead to a change of context (for example, the final diagnosis made by the maintenance expert moves the context from the "alert state" to the "design state"), or be handed to a decision-maker.
A decision maker uses the knowledge in the proceduralized context to formulate the abstract requirements of what has to be done to solve the problem. The decision can lead to a change of organizational context (for example, when the director decides which plan to carry out, this moves the context from the "design state" to the "implementation state"), to implementation tasks that will be carried out by satisfiers (in the "implementation state" the employees carry out the reorganization plan decided by the shop foreman), or to a new round of proceduralization of knowledge by processors (this typically happens if an intermediate decision is made, without changing the organizational context).
Finally, a satisfier, as defined by Mowshowitz (1997) , is a concrete mean for satisfying an abstract requirement. The satisfaction of a requirement can lead to a change of context (for example, when the machine in repaired, the context moves back to the "normal state"), to more implementation tasks (the self-reference), or to a new round of proceduralization of knowledge by processors, without a change of context.
A special attention should be devoted to the dotted arrow from the decision maker to the sensor (decide). This specific change of organizational context can be associated with a form of organizational learning. Indeed, this arrow indicates that the decision maker detects a discrepancy between the focus and the proceduralized context. In other words, the knowledge extracted from the initial contextual knowledge is inadequate and new knowledge must be acquired from external sources to adapt the proceduralized context to the focus. When this new knowledge is acquired, it is integrated in the proceduralized context and, once the focus changes, the proceduralized context goes back to the contextual knowledge, leading to a form of organizational learning.
Armed with this understanding of the roles, we can analyze in detail the second phase of the scenario (the "alert state" in Section 4.3). The ("problem to fix", alert state) pair mobilizes actors of the enterprise (at the organization level), the manufacturing CoP, and the maintenance contractor (at the human level). Actors organize their knowledge according to the mission. For example, the knowledge that Bob the worker has of the failing machine tool becomes contextual knowledge, whereas his knowledge of other machines in the production line becomes external knowledge. Roles are distributed as follows: Bob and the shop foreman are sensors, detecting that a problem occurred in the machine and moving the enterprise context from "normal state" to "alert state". The production manager is a processor able to proceduralize the contextual knowledge and to turn the event into some meaningful knowledge (e.g., retrieve the phone number of the maintenance contractor and ask an expert to come as soon as possible). The maintenance expert, once on the site, becomes himself a processor, translating the problem into a diagnosis and providing the company with a better understanding of the consequences of the failure in terms of duration ("the machine tool will be unavailable for about five days"). Figure 7 illustrates this structure.
Figure 7. The task force corresponding to the ("problem to fix", alert state) pair
The maintenance expert, having pinpointed the exact consequences of the failure, now becomes a sensor moving the enterprise context from the "alert state" to the "design state", thus creating a new (mission, context) pair and, consequently, reshaping the task force 7 (top box of Figure 8 ). In the design state, alternatives have to be identified and evaluated. The production manager is again a processor, proceduralizing the sensed knowledge ("machine unavailable for five days") into more useful knowledge (for example, "30% reduction of capacity for production processes 4 and 5") to propose a decision alternative that will be analyzed by the director. The director can in turn ask for the advice of other executives (for example, the shop foreman if the alternative changes the production planning, the purchasing manager if the alternative affects purchases, or the inventory manager if the alternative changes the expected storage quantities).
The production manager can produce as many alternatives as necessary, which can reshape the task force as often as necessary. However, once one of the alternatives is agreed upon by all the actors of the task force, the director assumes the role of the decision maker and decides to implement the new plan. This moves the enterprise context from the "design state" into the "implementation state", thus creating a new (mission, context) pair and, again, reshaping the task force (bottom box of Figure 8 ). This time, the shop foreman plays a processor role (turning the decision of the director into a reorganization plan) and decision-maker role (deciding which specialized worker will work on what kind of machine tool). Specialized workers assume a satisfier role. Table 3 . Organizational structures of the example scenario
Figure 8. The task force in the design and implementation states
Concluding Remarks and Future Work
This paper has introduced a four-level model that can be used to explain how one company moves from an organizational structure to another when its context changes during a decision making process. One purpose of this model is to show that traditional decision processes underplay the dynamics of the decision group and its influence on both the problem definition and the information collection phases of the global process. A next step in this research will be to leverage the proposed model in order to infer a framework of support technologies adapted to the different organizational structures. We believe that each level of the proposed model can benefit from a different kind of support technology (for example, decision support systems (DSS) at the adhocracy level, computer supported collaborative work (CSCW) at the community level, management information systems at the organization level, and office automation tools at the human level). Bringing these different categories of systems into a coherent framework could be a valuable contribution to the field of systems integration. Equipped with the model proposed in this paper and with a framework of technology support adapted to the different organizational structures, organizations in general -and enterprises in particular -would benefit from a powerful tool to describe and understand the structures being built and dissolved inside the organization according to varying contexts and focuses of attention, as well as to describe and understand where the needs for new support technologies and/or systems integration lie.
As a basic model, however, the proposed paradigm still suffers from a number of limitations. In particular, it does not consider the sociological aspects related to the dynamic reshaping of organizational structures inside the company. It is obvious that a dynamic model of organization is socially transformative and its impact on the relationship between workers and work organization should be analyzed from the perspective of the sociology of work.
Despite the limitations that merit special attention for future research, the proposed model has important applications in that it can help organizations in general, and enterprises in particular, to have a better understanding of the structures being dynamically built and dissolved inside the organization according to varying contexts and focuses of attention. It can also help organizations to specify in a more coherent way their needs of support technologies at the various levels of the model. Finally, it is our hope that the model presented in this paper provides a vehicle for researchers to develop dynamic organizational models.
